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(57) ABSTRACT 

Techniques to determine the position of a terminal under the 
coverage of a repeater in a wireleSS communication System. 
In an aspect, an identification code is transmitted for each 
repeater and used by the terminal (or a PDE) to unambigu 
ously identify the repeater. The identification codes for the 
repeaters in the system can be implemented with PN 
Sequences at defined offsets that are specifically reserved for 
repeater identification. In another aspect, the identification 
code for each repeater is transmitted using a spread-spec 
trum Signal designed to have minimal impact on the perfor 
mance of the system and to be recoverable by the terminal 
in Similar manner as for a forward modulated Signal. In this 
way, no additional hardware is required for the terminal to 
recover the identifier Signal. In one specific design, the 
Spread spectrum identifier Signal is generated in accordance 
with and conforms to the IS-95 CDMA standard. 
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METHOD AND APPARATUS FORESTIMATING 
THE POSTION OF A TERMINAL BASED ON 

IDENTIFICATION CODES FORTRANSMISSION 
SOURCES 

RELATED APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application No. 60/286,274, filed Apr. 24, 2001 and U.S. 
Provisional Application No. 60/299,315, filed Jun. 18, 2001. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to position 
determination and more specifically to techniques for pro 
Viding an estimate of the location of a terminal in a wireleSS 
communication System based on identification codes 
assigned to transmission Sources Such as repeaters. 

BACKGROUND OF THE INVENTION 

0003) A common technique to locate a terminal is to 
determine the amount of time required for Signals transmit 
ted from multiple transmitters at known locations to reach 
the terminal. One System that provides signals from a 
plurality of transmitters at known locations is the well 
known Global Positioning Satellite (GPS) system. Satellites 
in the GPS System are placed in precise orbits according to 
a GPS master plan. The position of the GPS satellites can be 
determined by different sets of information (commonly 
known as the “Almanac' and “Ephemeris”) transmitted by 
the Satellites themselves. Another System that provides Sig 
nals from transmitters (e.g., base stations) at known earth 
bound locations is a wireless (e.g., cellular telephone) com 
munication System. 
0004. Many wireless communication systems employ 
repeaters to provide coverage for designated areas within the 
System or to extend the coverage of the System. For example, 
a repeater may be used to cover a particular area not covered 
by a base Station due to fading conditions (i.e., a “hole” 
within the System). Repeaters may also be used to extend 
coverage into rural areas (e.g., along a freeway) that are 
outside the coverage area of the base Stations. A repeater 
receives, conditions, and retransmits signals on both the 
forward link (i.e., the path from the base station to the 
mobile unit) and reverse link (i.e., the path from the mobile 
unit to the base station). 
0005 Various challenges are encountered in determining 
the location of a terminal in a System in which one or more 
repeaters are employed. Typically, a Signal from a single 
base Station is processed and retransmitted by a repeater at 
relatively high power and with a delay. The combination of 
the repeated Signals high power plus the isolation normally 
asSociated with the repeater's coverage area often prevent a 
terminal from receiving other signals from other base Sta 
tions. Moreover, in many cases in which repeaters are used 
(e.g., inside buildings, tunnels, Subways, and So on), the 
signals from GPS satellites have insufficient power levels to 
be received by the terminal. In this case, a limited number 
of Signals (possibly only one signal, from the repeater) may 
be available for use to determine the terminals location. 
Furthermore, the additional delays introduced by repeaters 
can distort the round trip delay/time of arrival (RTD/TOA) 
measurements as well as the TDOA measurements, which 
then results in inaccurate position estimate based on these 
measurementS. 
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0006 There is therefore a need in the art for techniques 
to provide a position estimate of a terminal in a wireleSS 
communication System that employs repeaters (or other 
transmission Sources with Similar characteristics). 

SUMMARY 

0007. The presently discloused method and apparatus 
determine the position of a terminal communicating through 
a repeater in a wireleSS communication System. It is recog 
nized by the disclosed method and apparatus that repeaters 
used to provide indoor coverage are typically designed to 
cover a relatively Small geographical area (e.g., a building, 
a floor of the building, and So on). If the coverage area of a 
repeater is Small, the position estimate for a terminal under 
the repeater's coverage can be reported as a designated 
location within this coverage area, which may be the center 
of the coverage area. In many (if not most) cases, this 
reported position estimate for the terminal is within 50 
meters of the terminals actual position. This accuracy is 
sufficient for an enhanced emergency 911 (E-911) service 
mandated by the Federal Communications Commission 
(FCC). 
0008. In accordance with one embodiment of the dis 
closed method and apparatus, an identification code 
uniquely associated with each repeater is sent by each 
repeater within a particular coverage area (e.g., a cell). The 
identification code can then be used by a terminal (or a PDE) 
to unambiguously identify the repeater. Various types of 
codes may be used as identification codes. In one embodi 
ment, the identification codes comprise pseudo-noise (PN) 
Sequences at defined offsets that are specifically reserved for 
repeater identification. 
0009 For cases where repeaters cover Small geographic 
areas, identification of the Specific repeater through which 
the Signal was received can be used to estimate the terminals 
location as, e.g., the center of repeater's coverage area. For 
cases where repeaters cover larger areas, identification of the 
Specific repeater through which the Signal was received can 
be used to adjust measurements according to the delay of the 
repeater. 

0010. In another embodiment, the identification code for 
each repeater is transmitted using a spread-spectrum signal. 
This spread spectrum identifier Signal can be designed to 
have minimal impact on the performance of the CDMA 
System and can be recovered in Similar manner as a forward 
modulated Signal transmitted from a base Station or a 
repeater. In this way, no additional hardware is required for 
a terminal to recover the identifier Signal. In an embodiment, 
the spread Spectrum identifier Signal is generated in accor 
dance with and conforms to the IS-95 CDMA standard. 

0011. The techniques described herein may be used in 
various CDMA Systems (e.g., Systems that comply with the 
following industry standard: IS-95, cdma2000, W-CDMA, 
IS-801) and various non-CDMA systems (e.g., GSM, 
TDMA, analog, etc.). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The features, nature, and advantages of the dis 
closed method and apparatus will become more apparent 
from the detailed description set forth below when taken in 
conjunction with the drawings in which like reference 
characters identify correspondingly throughout and wherein: 
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0013 FIG. 1A is a diagram of a wireless communication 
System that employs repeaters and is capable of implement 
ing various aspects and embodiments of the disclosed 
method and apparatus, 
0.014 FIG. 1B is a diagram illustrating the use of a 
repeater to provide coverage for a building; 
0015 FIG. 2 is a diagram showing the indices for a PN 
Sequence used to generate pilot references and to spread data 
at the base Stations, 
0016 FIG. 3 is a diagram of an embodiment of a repeater 
capable of implementing one embodiment of the disclosed 
method and apparatus, 
0017 FIGS. 4A through 4C show three embodiments of 
a module that can be used to generate and combine an 
identifier Signal with a forward modulated Signal to provide 
a combined signal; 
0.018 FIG. 5A is a diagram showing the signals that may 
be received from the remote units of a particular repeater, 
0.019 FIG. 5B is a diagram showing the signals that may 
be received from a donor base Station and the remote units 
of a particular repeater; 
0020 FIGS. 5C and 5D are diagrams showing the iden 

tifier Signals for multiple remote units, which are delayed by 
different chip offsets derived based on two different 
Schemes, 
0021 FIG. 6 is a block diagram of a terminal capable of 
implementing various aspects and embodiments of the dis 
closed method and apparatus, and 
0022 FIG. 7 is a block diagram of an embodiment of a 
Position Determining Entity (PDE) for use with the dis 
closed method and apparatus. 

DETAILED DESCRIPTION 

0023 FIG. 1A is a diagram of a wireless communication 
system 100 that employs repeaters in accordance with the 
disclosed method and apparatus. System 100 may be 
designed to conform to one or more commonly known 
industry standards, such as IS-95, published by the Tele 
communications Industry ASSociation/Electronics Industry 
ASSociation (TIA/EIA), and other Such industry Standards 
for systems such as W-CDMA, cdma2000, or a combination 
thereof. System 100 includes a number of base stations 104. 
Each base Station Serves a particular coverage area 102. 
While only three base stations 104a through 104c are shown 
in FIG. 1A for simplicity, it will be understood by those 
skilled in the art that there are typically many more Such 
base Stations in Such a System. For the purpose of this 
disclosure, the base Station and its coverage area are collec 
tively referred to as a “cell”. 
0024. One or more repeaters 114 may be employed by 
system 100 to provide coverage for regions that would not 
otherwise be covered by a base station (e.g., due to fading 
conditions, such as region 112a shown in FIG. 1A) or to 
extend the coverage of the System (Such as regions 112b and 
112c). For example, repeaters are commonly used to 
improve indoor coverage for a cellular System at relatively 
low costs. Each repeater 114 couples to a "serving base 
Station 104 via a wireless or wireline link (e.g., a coaxial or 
fiber optic cable) either directly or through another repeater. 
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Any number of base Stations within the System may be 
repeated, depending on the particular System design. 
0025. A number of terminals 106 are typically dispersed 
throughout the system (only one terminal is shown in FIG. 
1A for simplicity). Each terminal 106 may communicate 
with one or more base Stations on the forward and reverse 
links at any moment, depending on whether or not Soft 
handoff is supported by the system and whether or not the 
terminal is actually in soft handoff. It will be understood by 
those skilled in the art that “soft handoff refers to a 
condition in which a terminal is in communication with 
more than one base Station at the same time. 

0026. A number of base stations 104 are typically 
coupled to one base station controller (BSC) 120. BSC 120 
coordinates the communication for base stations 104. For 
the purpose of determining the position of terminal, base 
station controller 120 may also be coupled to a Position 
Determining Entity (PDE) 130. PDE 130 receives time 
measurements and/or identification codes from the terminals 
and provides control and other information related to posi 
tion determination, as described in further detail below. 
0027. For position determination, a terminal may mea 
Sure the arrival times of Signal transmissions from a number 
of base stations. For a CDMA network, these arrival times 
can be determined from the phases of the pseudo-noise (PN) 
codes used by the base Stations to spread their data prior to 
transmission to the terminals over the forward link. The PN 
phases detected by a terminal may then be reported to the 
PDE (e.g., via IS-801 signaling). The PDE then uses the 
reported PN phase measurements to determine pseudo 
ranges, which are then used to determine the position of the 
terminal. 

0028. The position of a terminal may also be determined 
using a hybrid Scheme whereby signal arrival times (i.e., 
times of arrival (TOA)) are measured for any combination of 
base stations 104 and Global Positioning System (GPS) 
satellites 124. The measurements derived from GPS satel 
lites may be used as the primary measurements or to 
Supplement the measurements derived from the base Sta 
tions. The measurements from the GPS satellites are typi 
cally more accurate than those from the base Stations. 
However, clear line-of-Sight to the Satellites is typically 
required to receive the GPS Signals. Accordingly, tThe use 
of GPS satellites for position determination is generally 
limited to outdoor environment where obstructions are not 
present. GPS Signals typically cannot be received indoors or 
in other environments where there are obstructions Such as 
foliage or buildings. However, GPS has extensive coverage 
and four or more GPS satellites can potentially be received 
from Virtually anywhere that there are no Such obstructions. 
0029. In contrast, base stations are typically located in 
populated areas and their signals are able to penetrate Some 
buildings and obstructions. Therefore, it is possible for base 
Stations to be used in cities and potentially within buildings 
to determine the location of devices that can receive and/or 
transmit Such signals. However, the measurements derived 
from base Stations are typically less accurate than those from 
GPS Satellites because multiple Signals may be received at 
the terminal from a particular base Station due to a phenom 
enon known as “multipath'. Multipath refers to the situation 
in which Signals are received via multiple transmission paths 
between the transmitter and receiver. Such multiple paths are 
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generated by Signals reflecting off various objects, Such as 
buildings, mountains, etc. It should be noted that in the best 
case, the signal is also received on a direct path (Straight 
line) from the transmitter to the receiver. However, this may 
not necessarily be true. 
0.030. In the hybrid scheme, each base station and each 
GPS Satellite represents a transmission Source. To determine 
a two dimensional estimate of the position of a terminal, the 
transmissions from three or more non-Spatially aligned 
Sources are received and processed. A fourth Source may be 
used to provide altitude (a third dimension) and may also 
provide increased accuracy (i.e., reduced uncertainty in the 
measured arrival times). The signal arrival times can be 
determined for the transmission Sources and used to com 
pute pseudo-ranges, which can then be used (e.g., via a 
trilateration technique) to determine the position of the 
terminal. Position determination can be achieved by well 
know means, Such as is described in the 3GPP 25.305, 
TIA/EIA/IS-801, and TIA/EIA/IS-817 standard documents. 
0031. In the example shown in FIG. 1A, terminal 106 
may receive transmissions from GPS satellites 124, base 
stations 104, and/or repeater 114. Terminal 106 measures the 
Signal arrival times of the transmissions from these trans 
mitters and may report these measurements to PDE 130 via 
BSC 120. PDE 130 can then use the measurements to 
determine the position of terminal 106. 
0032. As noted above, repeaters may be used to provide 
coverage for regions not covered by the base Stations, Such 
as within buildings. Repeaters are more cost effective than 
base Stations, and can be advantageously deployed where 
additional capacity is not required. However, a repeater is 
asSociated with additional delays due to circuitry within the 
repeater and cabling and/or additional transmission associ 
ated with the repeater. AS an example, Surface acoustic wave 
(SAW) filters, amplifiers, and other components within the 
repeater introduce additional delays that are comparable to, 
or may be even greater than, the transmission delays from 
the base Station to the terminal. If the repeater delays are not 
taken into account, then the time measurements of the 
Signals from repeaters cannot be reliably used to determine 
the position of a terminal. 
0.033 FIG. 1B is a diagram illustrating the use of a 
repeater 114x to provide indoor coverage for a building 150. 
In the example shown, repeater 114x comprises a main unit 
(MU) 115 coupled to a number of remote units (RUs) 116. 
On the forward link, main unit 115 receives one or more 
Signals from one or more base Stations and repeats all or a 
Subset of the received signals to each of the remote units. 
And on the reverse link, main unit 115 receives, combines, 
and repeats the Signals from remote units 116 for transmis 
Sion on the reverse link back to one or more base Stations. 
Each remote unit 116 provides coverage for a particular area 
(e.g., one floor) of the building and repeats the forward and 
reverse link Signals for its coverage area. 
0034 Various challenges are encountered in estimating 
the position of a terminal located within a building where a 
repeater may be employed to provide coverage. First, in 
many indoor applications, the terminals are not able to 
receive signals from the base stations or GPS satellites, or 
may receive signals from fewer transmitters than required to 
perform trilateration. To provide in-building coverage, a 
repeater typically retransmits a signal from a single base 
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Station at relatively high power and with a delay. The 
combination of the repeated Signal's high power plus the 
isolated indoor location of the terminal normally prevent the 
terminal from receiving other Signals from other base Sta 
tions and Satellites. 

0035) Second, if the amount of delay introduced by the 
repeater is not known, then the Signal from the repeater 
cannot be reliably used as one of the Signals for trilateration. 
This then prevents an entity (e.g., the PDE or terminal) from 
utilizing the repeated Signal to derive a positioning estimate 
with one leSS Satellite or base Station signal. Third, in many 
environments where repeaters are used (e.g., Subways, 
buildings, and So on) GPS signals cannot be received, even 
when a terminal employs a receiver unit with enhanced 
sensitivity. And fourth, the entity used to determine the 
terminal's position has no way of determining whether the 
terminal was using an incorrect timing reference (due to the 
uncertain repeater delay), which would affect the accuracy 
of the round trip delay (RTD) measurements and the time 
stamp on the GPS measurements. 
0036) Aspects of the disclosed method and apparatus 
provide techniques to determine the position of a terminal 
under the coverage of a repeater in a wireleSS communica 
tion System. In one aspect, techniques are provided for each 
repeater to Send an identification code that can be used by 
the terminal (or the PDE) to ascertain the repeater's identity. 
This information can then be used to estimate the position of 
the terminal, as described below. 
0037. It is recognized by the disclosed method and appa 
ratus that repeaters used to provide indoor coverage are 
typically designed to cover relatively Small geographical 
areas (e.g., a building, a floor of the building, and So on). In 
an embodiment, Since the coverage area of a repeater is 
typically Small, the position estimate for a terminal under the 
repeater's coverage can be reported as a designated location 
within this coverage area, which may be the center of the 
coverage area. In many (if not most) cases, this reported 
position estimate for the terminal will be within 50 meters of 
the terminals actual position. This accuracy is Sufficient for 
an enhanced emergency 911 (E-911) service mandated by 
the Federal Communications Commission (FCC), which 
requires the location of a terminal in a 911 call to be sent to 
a Public Safety Answering Point (PSAP). For a handset 
terminal, the E-911 mandate requires the position estimate to 
be within 50 meters 67% of the time and within 100 meters 
95% of the time. These requirements can be met with the 
techniques described herein. 
0038 Various schemes may be used to identify the 
repeaters to the terminals. In one Scheme, each repeater 
Within a particular coverage area (e.g., a cell) is assigned a 
unique identification code that may be used to unambigu 
ously identify the repeater. Multiple identification codes 
may be assigned to multiple repeaters within the particular 
coverage area. This may be applicable, for example, in a 
very large building where multiple repeaters are used to 
provide coverage and are spaced far apart (e.g., more than 
100 meters apart). Alternatively, multiple repeaters may be 
assigned a common identification code if these repeaters are 
located within a Sufficiently Small area. A Single position 
estimate may then be used for all these repeaters. 
0039 For each repeater, the identification code assigned 
to the repeater and a position estimate to be provided for the 
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terminals within the repeater's coverage (e.g., the center of 
the repeater's coverage area) may be stored in a table. This 
table may be maintained at the PDE. In this case, a terminal 
can receive the identification code from the repeater and 
Send this code back to the PDE (e.g., in a coded format), 
which can then provide the position estimate for the terminal 
based on the value (e.g., the coverage center) Stored in the 
table. Alternatively or additionally, the table may be main 
tained at the terminal or Some other entity (e.g., the base 
Station, BSC, and So on). 
0040. The scheme used to transmit the repeater's identi 
fication codes to the terminals may be designed based on 
various criteria. First, the identification codes should be 
transmitted in a manner that is compatible with an existing 
CDMA standard (e.g., IS-95, cdma2000, W-CDMA, IS-801, 
and So on) that may be Supported by the System. Second, the 
scheme should be compatible with the capabilities of ter 
minals already deployed and in use in the field, which would 
then allow existing terminals to perform position determi 
nation based on the identification codes. Third, the identi 
fication codes should be transmitted to the terminals within 
the same frequency band to which the terminals are tuned So 
that both a repeated Signal and the corresponding identifi 
cation code can be concurrently received using a single 
receiver unit. And fourth, the Signals used to transmit the 
identification codes should minimally impact the perfor 
mance of the System. 
0041. In another aspect, the identification code for each 
repeater is transmitted using a spread-spectrum Signal, 
which can provide numerous advantages. First, the spread 
Spectrum identifier Signal can be designed to have minimal 
impact on the performance of the CDMA system. Second, 
the spread Spectrum identifier Signal resembles and can be 
recovered in Similar manner as for a forward modulated 
Signal from a base Station or a repeater. In this way, no 
additional hardware is required for a terminal to recover the 
identifier Signal. Existing terminals already deployed in the 
field and capable of receiving and processing CDMA signals 
can also receive and process the identifier Signals from the 
repeaterS. 

0042. In an embodiment, the spread spectrum identifier 
Signals for the repeaters are generated in accordance with 
and conform to the IS-95 CDMA standard. However, the 
identifier Signals may also be generated to conform to Some 
other CDMA standard or design. 
0043. In an embodiment, the identification codes for the 
repeaters comprise pseudo-noise (PN) sequences at defined 
offsets. In a typical CDMA System, each base Station spreads 
its data with a PN sequence to generate a spread spectrum 
Signal, which is then transmitted to the terminals (and 
possibly to a repeater). The PN sequence is also used to 
spread pilot data (typically a sequence of all Zeros) to 
generate a pilot reference, which is used by the terminals to 
perform coherent demodulation, channel estimation, and 
possibly other functions. 
0044 FIG. 2 is a diagram showing the indices for a PN 
Sequence used to generate the pilot references and to spread 
data at the base stations. For IS-95 and Some other CDMA 
Systems, the PN sequence has a Specific data pattern and a 
fixed length of 32,768 chips. This PN sequence is continu 
ally repeated to generate a continuous spreading Sequence 
that is then used to spread pilot and traffic data. The start of 
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the PN sequence is defined by the CDMA standard and is 
Synchronized to a defined absolute time reference (TAs), 
which is also referred to as the system time. Each chip of the 
PN sequence is assigned a respective PN chip index, with 
the start of the PN sequence being assigned a PN chip index 
of 0 and the last chip of the PN sequence being assigned a 
PN chip index of 32,767. 
0045. The PN sequence may be partitioned into 512 
different “PN INC offsets,” numbered from 0 through 511, 
with consecutively numbered PN INC offsets being sepa 
rated by 64 chips. Effectively, 512 different PN sequences 
may be defined based on the 512 different PN INC offsets, 
with each of the 512 PN sequences having a different 
starting point at the absolute time reference based on its PN 
INC offset. Thus, the PN sequence with a PN INC offset of 
0 starts at PN chip index 0 at TAs, the PN sequence with 
a PN INC offset of 1 starts at PN chip index 64 at TAs, the 
PN sequence with a PN INC offset of 2 starts at PN chip 
index 128 at TABs, and So on, and the PN sequence with a 
PN INC offset of 511 starts at PN chip index 32,704 at TAs. 
0046) The 512 possible PN sequences may then be 
assigned to the base Stations in the CDMA System and used, 
among other functions, to differentiate the base Stations. 
0047. Each base station is assigned a specific PN INC 
offset Such that the pilot references from neighboring base 
stations can be differentiated, which then allow the terminals 
to identify each received base station by its PN INC offset. 
0048. The closest PN INC offsets that may be assigned to 
neighboring base stations are determined by the CDMA 
standards. For example, the IS-95 and IS-856 standards 
define a minimum value of one for the parameter 
“PN INC". This specified PN INC of one denotes that 
neighboring base Stations may be assigned to PN sequences 
separated by a minimum PN INC offset of one (or 64 PN 
chips). A lower specified PN INC value (e.g., one) results in 
more available PN offsets (e.g., 512) that may be assigned 
to the base stations. Conversely, a larger specified PN INC 
value (e.g., four) results in fewer available PN offsets (e.g., 
128) that may be assigned to the base stations. 
0049. In an embodiment, one or more PN INC offsets out 
of the 512 possible PN INC offsets (if PN INC of one is 
specified) or out of the 128 possible PN INC offsets (if 
PN INC of four is specified) is dedicated for repeater 
identification. The PN sequence at each such dedicated PN 
INC offset is also referred to as an “identifier PN” (IPN). 
0050. The use of the identifier PN allows a terminal to 
unambiguously identify a repeater within a cell. If multiple 
repeaters are employed in a particular cell, then these 
repeaterS may be assigned to the same or different identifier 
PNS, depending on various factors. In one embodiment, 
different identifier PNS at different PN INC offsets are 
assigned to the repeaters within the same cell. In another 
embodiment, different chip offsets of the same identifier PN 
are assigned to the repeaters within the same cell. These 
offsets are defined with respect to the System time as 
determined by the offset of the repeated PN. For example, if 
a 2-chip offset is used, then 11 different PN sequences can 
be generated from a single identifier PN within a 20-chip 
window. The PN sequences assigned to the repeaters within 
the same cell can thus have different PN INC or chip offsets 
with respect to each other to allow these repeaters to be 
Specifically identified. 
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0051 FIG. 3 is a diagram of an embodiment of a repeater 
114y capable of implementing various aspects and embodi 
ments of the disclosed method and apparatus. Repeater 114-y 
is effectively a high-gain bi-directional amplifier used to 
receive, amplify, and retransmit modulated Signals on both 
the forward and reverse links. On the forward link, a 
modulated signal from a serving base station 104 (which is 
also referred to as a “donor” cell or sector) is received by 
repeater 114y via either a (e.g., directive) antenna or a (e.g., 
coaxial or fiber optic) cable. Repeater 114y then filters, 
amplifies, and retransmits the forward modulated Signal to 
terminals 106 within its coverage area. Correspondingly, on 
the reverse link, repeater 114y receives modulated Signals 
from the terminals within its coverage area, and conditions 
and retransmits the reverse modulated Signals back to the 
Serving base Station. 

0052. In the specific embodiment shown in FIG. 3, 
repeater 114y includes a repeater unit 310 coupled to an 
identifier signal generator 320. Repeater unit 310 performs 
the Signal conditioning to generate the repeated Signals for 
both the forward and reverse linkS. Identifier Signal genera 
tor 320 generates one or more spread spectrum identifier 
Signals that include the identification code (e.g., the identi 
fier PN) assigned to repeater 114y. 

0053. In the embodiment shown, identifier signal genera 
tor 320 includes a receiver module 322 coupled to a PN 
generator and upconverter module 324. A coupler 308 
provides a portion of the forward modulated Signal from the 
serving base station to receiver module 322. Receiver mod 
ule 322 processes the coupled portion of the forward modu 
lated Signal and provides a timing reference and a frequency 
reference, which are used to generate a spread spectrum 
identifier Signal for repeater 114y. PN generator and upcon 
verter module 324 generates the identifier PN for the 
repeater based on the timing reference and further upcon 
verts the identifier PN to a proper intermediate frequency 
(IF) or radio frequency (RF), based on the frequency refer 
ence, to generate the spread spectrum identifier Signal. The 
operation of identifier Signal generator 320 is described in 
further detail below. 

0054) In the embodiment shown, repeater unit 310 
includes a pair of duplexers 312a and 312b respectively 
coupled to antennas 302a and 302b, which are used to 
communicate with the Serving base Station and the termi 
nals, respectively. Duplexer 312a routes the forward modu 
lated Signal from the Serving base Station to a conditioning 
unit 314, and further couples the conditioned reverse modu 
lated signals from a conditioning unit 318 to antenna 302a 
for transmission back to the Serving base Station. Condition 
ing unit 314 conditions the forward modulated Signal and 
provides a conditioned forward modulated Signal to a com 
biner 316. The Signal conditioning may include amplifica 
tion, frequency downconversion of the forward modulated 
Signal to intermediate frequency (IF) or baseband, filtering, 
and upconversion of the signal to IF or radio frequency (RF). 
Combiner 316 (which may be implemented with a hybrid 
coupler) further receives the spread spectrum identifier 
Signal from identifier Signal generator 320, combines the 
identifier signal with the conditioned forward modulated 
Signal, and provides a combined Signal to duplexer 312b. 
The combined signal is then routed to antenna 302b and 
transmitted to the terminals. 
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0055 As shown in FIG.3, repeater unit 310 may receive 
the frequency reference from identifier Signal generator 320. 
This frequency reference may be needed if the identifier 
signal is added at IF or baseband (BB). The frequency 
reference may be used to ensure that the IF/BB of the 
repeater is accurate. In this case, conditioning unit 314 
receives the frequency reference and combiner 316 is 
included within conditioning unit 314. 
0056. On the reverse link, the reverse modulated signals 
from the terminals are received by antenna 302b, routed 
through duplexer 312b, and conditioned by conditioning 
unit 318. The conditioned reverse modulated signals are then 
routed through duplexer 312a and transmitted to the Serving 
base Station via antenna 302a. In general, the processing of 
the forward and reverse modulated Signals within repeater 
unit 310 are unaffected by the processing and addition of the 
Spread spectrum identifier Signal. 
0057. In the embodiment shown in FIG. 3, the identifier 
Signal is added to the conditioned forward modulated Signal 
(e.g., at either IF or RF) within repeater unit 310. In general, 
the identifier Signal can be added at any point along the 
signal path from antenna 302a to antenna 302b. For 
example, the identifier Signal can be generated and added to 
the received forward modulated Signal, and the combined 
signal can then be provided to repeater unit 310. Alterna 
tively, the identifier Signal can be added to the conditioned 
forward modulated signal from repeater unit 310 and the 
combined signal can then be transmitted from antenna 302b. 
The identifier signal can thus be added to the forward 
modulated signal either external to or within repeater unit 
310. For a repeater already deployed in the field and which 
does not include the proper circuitry (e.g., combiner 316 in 
FIG. 3) to combine the identifier signal with the forward 
modulated Signal, this function can be achieved external to 
the repeater. Also, coupler 308 may be located either before 
(at the input of) or after (at the output of) repeater unit 310. 
Alternatively, the coupled portion of the forward modulated 
signal may be obtained from within repeater unit 310 at RF, 
IF, or baseband, depending on the particular implementation 
of the repeater. 
0.058 FIG. 4A shows an embodiment of a module 400a 
that can be used to generate and combine an identifier Signal 
with a forward modulated Signal to provide a combined 
signal. Module 400a can be implemented as a separate unit 
that couples to either the input port or the output port of a 
repeater unit. If coupled to the input port, the combined 
signal from module 400a can be conditioned and retrans 
mitted by the repeater unit in Similar manner as for a forward 
modulated Signal. And if coupled to the output port, the 
identifier Signal can be combined with the conditioned 
forward modulated Signal from the repeater unit to generate 
a combined signal for transmission to the terminals. In either 
case, the repeater unit can be operated in the normal manner, 
as if the identifier Signal was not present. 
0059. In the embodiment shown in FIG. 4A, within 
module 400a, the forward modulated signal (i.e., forward 
RF input) is coupled through a coupler 408, routed through 
an isolator 412, and provided to a combiner 416, which may 
be implemented with a hybrid coupler. Combiner 416 also 
receives an identifier Signal from an identifier Signal gen 
erator 420a, combines the forward modulated signal with 
the identifier Signal, and provides the combined signal to the 
output (i.e., forward RF output). 
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0060 FIG. 4A also shows an embodiment of identifier 
Signal generator 420a, which may also be used for identifier 
signal generator 320 in FIG. 3. The coupled portion of the 
forward modulated Signal is provided to a receiver module 
422 and processed to provide the timing and frequency 
references, as noted above. In an embodiment, receiver 
module 422 includes a receiver processing unit Similar to 
that included in a terminal and which is capable of demodu 
lating the forward modulated Signal from the Serving base 
Station. In particular, receiver module 422 filters, amplifies, 
downconverts, and digitizes the forward modulated Signal to 
provide Samples. The Samples are then despread with a 
locally generated PN sequence at various chip offsets to 
recover a pilot reference transmitted by the Serving base 
Station. 

0061 Pilot searching and demodulation is well known, as 
demonstrated in U.S. Pat. No. 5,764,687, entitled “MOBILE 
DEMODULATOR ARCHITECTURE FOR A SPREAD 
SPECTRUM MULTIPLE ACCESS COMMUNICATION 
SYSTEM”; U.S. Pat. Nos. 5,805,648 and 5,644,591, both 
entitled “METHOD AND APPARATUS FOR PERFORM 
ING SEARCH ACOUISITION IN A CDMA COMMUNI 
CATIONS SYSTEM”; and U.S. Pat. No. 5,577,022, entitled 
“PILOT SIGNAL SEARCHING TECHNIOUE FOR A 
CELLULAR COMMUNICATIONS SYSTEM. 

0.062. In an embodiment, receiver module 422 includes a 
timing tracking loop and a carrier tracking loop (not shown 
in FIG. 4A for simplicity). The frequency tracking loop 
locks the frequency of a local reference oscillator (e.g., a 
temperature compensated crystal oscillator TCXO)) to the 
frequency of the pilot reference in the received forward 
modulated signal (i.e., the Signal to be repeated). The timing 
reference can then be derived by detecting the start of the PN 
Sequence extracted from the recovered pilot reference. The 
timing reference may be provided by receiver unit 422 via 
a timing Signal having a pulse coincidental with a determin 
istic periodic offset from the system time (as derived from 
the recovered pilot reference), which allows alignment of the 
identifier PN to the system time. 
0.063. The carrier tracking loop locks a local oscillator 
(LO) to the carrier frequency of the forward modulated 
Signal. The frequency reference can then be derived from the 
locked local oscillator. The frequency reference may be 
provided via a clock signal having a frequency that is related 
to (e.g., 1/N times) the frequency of the recovered carrier. 
0064. In the embodiment shown in FIG. 4A, a PN 
generator and upconverter module 424 includes a controller 
430, a PN generator 432, and an upconverter 434. PN 
generator 432 receives the timing reference from receiver 
module 422 and may further be provided with other signals 
that may be required for the generation of the identifier PN. 
For example, PN generator 432 may be provided with a 
clock signal at multiple times the PN chip rate (e.g., a clock 
Signal at 16 times the chip rate, or Chipx16) and another 
Signal with the number of Chipx16 cycles within a particular 
time period (e.g., 2 Seconds). PN generator 432 then gen 
erates one or more identifier PNS at the desired offset 
depending on the particular implementation, and may fur 
ther perform pulse Shaping of each identifier PN using a 
digital filter to generate a properly wave-shaped PN 
Sequence. 

0065. Upconverter 434 receives the frequency reference 
from receiver module 422 and the (wave-shaped) identifier 
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PN from PN generator 432 and generates one or more spread 
Spectrum identifier Signals, with each identifier Signal cor 
responding to a different carrier frequency and/or PN offset. 
Multiple identifier Signals may be required for certain appli 
cations, as described below. Using the frequency reference 
from receiver module 422, each identifier Signal can be 
provided at a carrier frequency that has negligible frequency 
error (e.g., a few Hertz or less) with respect to the forward 
modulated Signal being retransmitted. The negligible fre 
quency error allows the terminals to receive the identifier 
signal and recover the identifier PN even when they are 
locked to the forward modulated Signal. The generation of 
the identifier Signal may be performed digitally, using a 
combination of analog and/or digital circuits, or via Some 
other manner. 

0066 Controller 430 can communicate with receiver 
module 422, PN generator 432, and upconverter 434 for 
various functions. For example, controller 430 may direct 
receiver module 422 to lock to a particular one of a number 
of forward modulated Signals being received, to Search for 
the forward modulated Signal within a particular frequency 
window, and so on. Controller 430 may direct PN generator 
432 to generate the identifier PN at a particular offset that 
has been assigned to the repeater. Controller 430 may further 
direct upconverter 434 to generate the identifier Signal at a 
particular carrier frequency and at a particular transmit 
power level. 

0067. In an embodiment, the power level of each iden 
tifier Signal is controlled Such that it does not impact the 
capacity of the System. For a CDMA System, each trans 
mitted Signal (e.g., the identifier Signal) acts as interference 
to the other transmitted Signals (e.g., the forward modulated 
Signal) and can degrade the quality of these other transmitted 
Signals, as received at the terminals. The degradation in 
Signal quality may then impact the transmission capacity of 
the forward link. To minimize this degradation, the power 
level of the identifier signal may be controlled to be a 
particular level (e.g., 15 dB) below the total signal power of 
the forward modulated Signal being repeated. The identifier 
Signal's power level is also controlled to be within the range 
of reception of most terminals. This then ensures that the 
identifier Signal can be properly received by the terminals. 

0068. In an embodiment, only one identifier PN is used to 
Specifically identify each repeater regardless of the number 
of forward modulated Signals being retransmitted by the 
repeater. However, multiple identifier Signals may be gen 
erated by module 400a for a number of reasons. For 
example, if a forward modulated Signal is to be retransmitted 
over multiple frequency bands, then the identifier PN can be 
upconverted to a number of carrier frequencies correspond 
ing to those of the repeated Signals. Multiple identifier 
Signals may also be generated digitally, for example, at a low 
IF (e.g., 10 MHz) and thereafter upconverted to the desired 
RF or IF. Since the identifier PN is used for repeater 
identification and not for base Station identification, only one 
identifier PN is assigned to each repeater even though 
multiple forward modulated Signals from multiple base 
Stations may be repeated. 

0069 FIG. 4B shows an embodiment of another module 
400b that can be used to generate and combine an identifier 
Signal with a forward modulated Signal to provide a com 
bined signal. Module 400b is similar in certain aspects to 
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module 400a in FIG. 4A, but further includes a transmitter 
module 426 used to provide acknowledgment for remote 
configuration via the reverse modulated Signals. Remote 
configuration of the repeater may be performed, for 
example, by the PDE. In this case, transmitter module 426 
may be used to send information back to the PDE regarding 
configuration. This information may comprise an acknowl 
edgment of a command sent by the PDE to change the 
identifier Signal (e.g., the offset and/or relative power of the 
identifier signal). This feedback from the repeater would 
then allow the PDE to monitor and verify such remote 
configuration. The location of combiner 416 and isolator 412 
may be Swapped, which would then allow receiver module 
422 to Self-monitor the identifier Signal. In this way, receiver 
module 422 is able to receive the identifier Signal, Similar to 
a terminal, thus enabling the monitoring of the Signal that is 
added. 

0070 FIG. 4C shows an embodiment of yet another 
module 400c that can be used to generate and combine an 
identifier Signal with a forward modulated Signal to provide 
a combined signal. Module 400c is similar in certain aspects 
to module 400b in FIG. 4B, but further includes units 450a 
and 450b used to combine the forward and reverse modul 
lated Signals at the input and output ports, respectively, of 
module 400c such that a single cable may be used at each 
port for both the forward and reverse links. In the embodi 
ment shown, each unit 450 includes a pair of bandpass filters 
(BPF) 452 and 454 used to filter the reverse and forward 
modulated Signals, respectively. A circulator 456 routes the 
forward and reverse modulated Signals to their proper des 
tinations and further provides isolation for the forward and 
reverse links. Units 450a and 450b may each also be 
implemented with a duplexer. 

0071. A repeater may be associated with a number of 
remote units (RUS) used to provide coverage for their 
respective areas. For the indoor application shown in FIG. 
1B, repeater 114x includes a main unit 115 and a number of 
remote units 116, with each remote unit providing coverage 
for a respective floor of a building. The identifier Signals to 
be transmitted by the remote units may be generated in 
numerous ways and based on various considerations (e.g., 
whether or not the remote units need to be individually 
identified). 
0072 FIGS. 5A through 5D illustrate some specific 
implementations for the generation of the identifier PN for 
multiple remote units of a repeater. For certain CDMA 
systems (such as those that conform to IS-95 CDMA stan 
dard), a terminal reports only the earliest arriving pilot signal 
(i.e., the first signal instance that can be used for demodu 
lation) with respect to a reference time. Currently, IS-801 
Standard also Supports reporting only the earliest arriving 
pilot. The pilot signal is essentially the PN sequence Since 
the pilot data is a Sequence of all ZeroS or all ones. For these 
systems, a specific offset for the identifier PN may be 
assigned to each remote unit Such that the remote unit may 
be specifically identified, as described below. For other 
Systems that may Support the reporting of multiple pilots 
(i.e., a pilot profile), a reported pilot profile may also be used 
to specifically identify the remote units. FIGS. 5A through 
5D show examples of cases for illustration. The concepts 
described herein may be expanded and/or modified for other 
cases, and this is within the Scope of the disclosed method 
and apparatus. 
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0073. The repeated signals transmitted from the remote 
units of a particular repeater are typically delayed Such that 
these repeated Signals are not received by a terminal at equal 
power and delay but opposite phase, in which case they 
would cancel. Since the areas covered by the remote units 
are typically Small, a delay of two chips between remote 
units is normally adequate. 
0074 FIG. 5A is a diagram showing the signals that may 
be received from the remote units of a particular repeater. AS 
shown in FIG. 5A, the identifier PN is delayed from the 
repeated donor PN (RDPN) (i.e., the PN from the donor base 
station that is repeated) by a deliberate offset of d, and the 
repeated and identifier Signals for each remote unit are 
delayed by two chips relative to each other. If a terminal 
receives only the signals from the repeater (i.e., one or more 
remote units of the repeater) and not from the donor base 
station, then the terminal will report the delay (or offset) of 
the identifier PN, with respect to the repeated donor PN, in 
the following range: 

RRIPNed; 2(n-1)+d). Eq.(1) 

0075 Equation (1) indicates that the offset of the earliest 
identifier PN reported by the terminal will fall within the 
range from d (if the repeated and identifier signals from the 
first remote unit are received) to 2(n-1)+d (if the repeated 
Signal from the first remote unit and the identifier Signal 
from the n-th remote unit are received). The reason for the 
range of possible offsets, RN, is because the terminal 
reports the earliest received identifier PN and the earliest 
received repeated and identifier Signals may come from the 
Same or different remote units. 

0076 FIG. 5B is a diagram showing the signals that may 
be received from a donor base Station and the remote units 
of a particular repeater. If the terminal is able to receive the 
forward modulated signal directly from the donor base 
Station as well as the repeated Signal from the repeater, then 
the terminal will report the donor PN (DPN) received from 
the base station and the earliest identifier PN for the repeater. 
The offset of the identifier PN relative to donor PN would 
then fall in the following range: 

0077 where x is the delay between the donor base station 
and the first (earliest) remote unit for the repeater. 
0078 From equations (1) and (2), it can be noted that the 
deliberate offset d for the identifier PN is common to both 
ranges, RRIPN and RPN. If the delay X between the donor 
base Station and the earliest remote unit meets the condition 
X>2n, then whether the terminal receives the forward modul 
lated Signal from the donor base Station or the repeater can 
be determined. This information may be useful in certain 
cases, for example, when the terminal is located within the 
coverage of a repeater but is still able to receive the Signal 
from the donor base Station, or when the terminal is located 
away from the repeater's coverage area but still receives 
leakage from the repeater. 
0079. In certain embodiments, multiple identifier signals 
may be generated based on different chip offsets of a Single 
identifier PN. This may be desirable, for example, if differ 
ent identifier Signals are required to individually identify 
each of the multiple remote units of a repeater. In this case, 
one identifier Signal may be generated for each remote unit, 
with each identifier signal including the identifier PN at a 
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particular chip offset assigned to that remote unit. The use of 
different chip offsets for the identifier signals for different 
remote units allows for more specific estimation of a termi 
nal's location. For example, different chip offsets can be 
used to estimate the position of a terminal to within the 
coverage area of a particular remote unit (e.g., a particular 
floor of the building) as opposed to the coverage area of the 
main unit (e.g., a particular building). 
0080 FIG. 5C is a diagram showing the identifier signals 
for multiple remote units, which are delayed by linearly 
increasing chip offsets. The delays for the identifier Signals 
may be additional to the delays for the repeated Signal. For 
example, if the repeated Signals for the remote units are 
delayed by two chips, then the identifier Signals for the 
remote units may be delayed by four chips. In an embodi 
ment, the chip offsets assigned to the remote units are 
defined as follows: 

dIPN (i)=d-2(i-1), 1 sisn Eq.(3) 

0081 where des(i) is the offset assigned to the i-th 
remote unit and d is the offset of the identifier PN relative to 
the repeated donor PN for the first remote unit (i.e., d=den 
(1)). As a specific example shown in FIG.5C, if the repeated 
Signals for the remote units are delayed by two chips, d=8, 
and n=3, then the offsets d(i) for the three remote units 
can be computed as {8, 10, 12. 
0082. By using different offsets for the remote units, if the 
repeated and identifier Signals from only one remote unit are 
received by the terminal at any given moment, then that 
remote unit can be specifically identified by the offset 
between the repeated and identifier Signals. 

{ RUi 
(RUi, RU) for dip = d - (j - 1)-(i+2) +2(j-i), 2 s is n, 1 s is n 

0.083 Multiple identifier signals at different chip offsets 
may be generated (e.g., by the main unit) by delaying the 
identifier signal (e.g., at IF or RF) with filters of different 
delayS, by generating PN sequences with different chip 
offsets and upconverting these PN sequences, or by Some 
other mechanism. 

0084 FIG.5D is a diagram showing the identifier signals 
for multiple remote units, which are delayed by non-linearly 
decreasing chip offsets. In an embodiment, the chip offsets 
assigned to the remote units are defined as follows: 

0085 where den (i) is the offset assigned to the i-th 
remote unit and d is the offset of the identifier PN relative to 
the repeated donor PN for the first remote unit (i.e., 
d=d(1)). As a specific example shown in FIG. 5D, if the 
repeated Signals for the remote units are delayed by two 
chips, d=14, and n=5, then the offsets den(i) for the five 
remote units can be computed as { 14, 10, 4, -4, -14. 
0.086 The different offsets generated by equation (4) 
allows for the identification of the specific remote unit from 
which an identifier signal is detected (if only one remote unit 
is received) or the two (or more) remote units from which 
the identifier signals are detected (if two or more remote 
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units are received). Table 1 lists the possible to offset 
measurements by the terminal (in column 1), the remote 
units that may be detected for the measured offsets (in 
column 2), and the reported remote units (in column 3). 

TABLE 1. 

Remote Units (RUs) 
Measured Offset Detectable by the Terminal Decision 

d RU RU1 

d-2 (RU1, RU2) (RU1, RU2) 
d-4 RU2 RU2 

d-6 (RU1, RU3), optional RU2 (RU1, RU3) 
d-8 (RU2, RU3) (Ru2, RU3) 
d-10 RU3 RU3 

d-12 (RU1, RU4), optional RU2, RU3 (RU1, RU4) 
d-14 (RU2, RU4), optional RU3 (RU2, RU4) 
d-16 (RU3, RU4) (RU3, RU4) 
d-18 RU4 RU4 

d-20 (RU1, RU5), optional RU2, RU3, RU4 (RU1, RU5) 
d-22 (RU2, RU5), optional RU3, RU4 (RU2, RU5) 
d-24 (RU3, RU5), optional RU4 (RU3, RU5) 
d-26 (RU4, RU5) (RU4, RU5) 
d-28 RU5 RUS 

0087. The remote units reported in Table 1 ((in column 3) 
may be derived as follows. For an even value of d (e.g., d=14 
for the example shown in FIG. 5D), the measured offset of 
the identifier PN relative to the repeated donor PN is first 
rounded to the nearest value and denoted as des. The 
remote unit(s) from which identifier Signal(s) are received 
may then be identified as: 

for dipN = d-(i-1) (i. 2), Eq. (5) 1 s is in 

0088 For an odd value of d, the measured offset of the 
identifier PN is rounded to the nearest odd number, and the 
remote unit(s) are then identified in similar manner based on 
equation (5). 

0089. If multiple repeaters are used for a given coverage 
area of a donor PN (e.g., a Sector or an omni-cell), with each 
repeater possibly having multiple remote units, then the 
range of offsets reported by a terminal for each repeater may 
be expressed as: 

Rke Rk.RIPNURk.IPN, Eq.(6) 

0090 where 
0091 R is the range of offsets that may be reported 
for the k-th repeater, 

0092] Risen is the range of offsets if the k-th 
repeater is received but the donor base Station is not 
received, 

0093) Ries is the range of offset if both the k-th 
repeater and the donor base Station are received, and 

0094). “U” is a union operation. 
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0.095 
S. 

If x=2(n+1), then the range R may be expressed 

Red; d--4'n, Eq.(7) 

0.096 where d is the deliberate offset between the iden 
tifier PN and the repeated PN for the k-th repeater, and n is 
the number of remote units for the k-th repeater. Equation 
(7) is derived from equations (1), (2), and (6). The start of 
range R is the lower value in equation (1) (i.e., d) and the 
end of the range is given by the upper value in equation (2) 
(i.e., 20n-1)+d+x). By Substituting X=2(n+1) and keeping 
the condition XZ2n, the end of range R is then computed as 
4n+d, as shown in equation (7). 
0097. The delays d are selected such that the following 
is Satisfied: 

0.098 If equation (8) is satisfied, then the repeater from 
which a repeated Signal is received at the terminal may be 
Specifically identified. The delay d, may be Selected Such 
that the identifier Signals are within a Search window used to 
Search for pilots. 
0099. In general, if a range of offsets is used for the 
identifier Signals, then the terminal is provided with the 
range information So that the Search window can be appro 
priately Set. 

0100 If multiple repeaters are used for a coverage area, 
then multiple PNs may also be used to individually identify 
each repeater. Each repeater may be assigned a respective 
identifier PN. A repeater may also be assigned two or more 
identifier PNs. For example, if two identifier PNs are avail 
able, then the first identifier PN may be assigned to a first 
repeater, the Second identifier PN may be assigned to a 
Second repeater, and the combination of the first and Second 
identifier PNS may be assigned to a third repeater. Numerous 
combinations of offsets of these identifier PNS may also be 
generated and used. 

0101 FIG. 6 is a block diagram of a terminal 106x 
capable of implementing various aspects and embodiments 
of the disclosed method and apparatus. On the forward link, 
Signals from the GPS Satellites, base Stations, and/or repeat 
erS are received by an antenna 612, routed through a 
duplexer 614, and provided to an RF receiver unit 622. RF 
receiver unit 622 conditions (e.g., filters, amplifies, and 
downconverts) and digitizes the received signal to provide 
Samples. A demodulator 624 then receives and processes 
(e.g., despreads, decovers, and pilot demodulates) the 
samples to provide recovered symbols. Demodulator 624 
may implement a rake receiver that can process multiple 
instances of the received Signal and can combine recovered 
Symbols for a number of multipaths. A receive data proces 
sor 626 then decodes the recovered symbols, checks the 
received frames, and provides the output data. 
0102) For position determination, RF receiver unit 622 
may be operated to provide to a controller 630 the arrival 
times for the Strongest received multipaths or the multipaths 
having Signal Strengths that exceed a particular threshold 
level. The samples from RF receiver unit 622 may also be 
provided to a Signal quality estimator 628 that estimates the 
quality of the received signals. The Signal quality can be 
estimated using various well known techniques, Such as 
those described in U.S. Pat. Nos. 5,056,109 and 5,265,119. 
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For position determination, demodulator 624 may be oper 
ated to provide PN sequences recovered from the base 
stations and identifier PNS recovered from the repeaters, if 
any. 

0103 GPS receiver 640 receives and searches for GPS 
Signals based on Search windows provided by controller 
630. GPS receiver 640 then provides the time measurements 
for the GPS satellites to controller 630. In certain embodi 
ments, GPS receiver 640 is not included in terminal 106x. 
The techniques described herein may be used for position 
determination methods that do no use a GPS receiver. 

0104 Controller 630 receives the measurements for the 
base stations and/or GPS satellites, the PN sequences for the 
base stations, the identifier PNS for the repeaters, the esti 
mated Signal quality of the received signals, or any combi 
nation thereof. In an embodiment, the measurements and 
identifier PNs are provided to a TX data processor 642 for 
transmission back to the PDE, which uses the information to 
determine the position of terminal 106.x. Controller 630 may 
further provide Signals to direct the units within terminal 
106.x to perform the proper signal processing. For example, 
controller 630 may provide a first signal to demodulator 624 
to direct Searching for PN over a particular range of chip 
offset, a Second Signal indicating the Search windows to be 
used by GPS receiver 640 to search for the signals from the 
GPS satellites, and so on. 
0105 Demodulator 624 searches for strong instances of 
pilot references from the base stations (which may be 
repeated) and for the identifier PN (e.g., if directed). This 
may be achieved by correlating the received Samples with a 
locally generated PN sequence at various offsets. A high 
correlated result indicates a high likelihood of a PN being 
received at that offset. 

0106 Various schemes may be implemented to ensure 
that demodulator 624 searches for the identifier PNS from 
the repeaters, if appropriate. In one Scheme, the identifier 
PNs are included in a neighbor list of PN sequences to be 
Searched. The neighbor list maintained for each active 
terminal typically includes Strong pilot references detected 
by the terminal. In another Scheme, the neighbor list for each 
active terminal is sent by the PDE. In this case, the PDE can 
be provided with information regarding the base Stations in 
the System, their associated repeaters, and the identifier PNS 
for the repeaters. The PDE then ensures that the proper 
identifier PNs are included in the neighbor list for each 
active terminal. In yet another scheme, the PDE can auto 
matically send to the terminal a list of PNs to search, 
including the identifier PNs. This list may be sent for 
position location related calls. In yet another Scheme, the list 
of identifier PNS may be broadcast to the terminals in a 
broadcast channel. In yet another scheme, the PDE can send 
the identifier PNS to a terminal upon request, for example, 
when it is known that repeaters are present and there are not 
enough GPS measurements to perform position determina 
tion. 

0107 On the reverse link, data is processed (e.g., for 
matted, encoded) by a transmit (TX) data processor 642, 
further processed (e.g., covered, spread) by a modulator 
(MOD) 644, and conditioned (e.g., converted to analog 
Signals, amplified, filtered, modulated, and So on) by an RF 
TX unit 646 to generate a reverse modulated signal. The 
information (e.g., the identifier PN) from controller 630 may 
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be multiplexed with the processed data by modulator 644. 
The reverse modulated Signal is then routed through 
duplexer 614 and transmitted via antenna 612 to the base 
Stations and/or repeaters. 
0108 FIG. 7 is a block diagram of an embodiment of 
PDE 130 capable of Supporting various aspects of the 
disclosed method and apparatus. PDE 130 interfaces with 
BSC 120 and exchanges information related to position 
determination. 

0109. On the reverse link, data in a reverse modulated 
Signal for a terminal is Sent to a repeater, transmitted to a 
base station, routed to a BSC, and provided to the PDE. 
Within the PDE, the reverse modulated signal from the 
terminal is processed by a transceiver 714 to provide 
Samples, which are further processed by a RX data processor 
722 to recover the data transmitted by the terminal. This data 
may include any combination of measurements, identifier 
PNs, and so on, reported by the terminal. Data processor 722 
then provides the received data to a controller 710. 
0110 Controller 710 may also receive additional data 
from a data storage unit 730 (e.g., information indicating 
whether a base Station is repeated, the center of the coverage 
area and the delay associated with each repeater, and So on) 
and estimates the position for the terminal based on the data 
from the terminal and the additional data from Storage unit 
730. Storage unit 730 may be used to store a table of the base 
Stations, their associated repeaters (if any), and the identifier 
PN and the position estimate (e.g., the center of the coverage 
area) for each repeater. 
0111. In certain embodiments, controller 710 determines 
the identifier PN to be included in the neighbor list for 
terminals in all sectors. Alternatively, the identifier PN may 
be provided by controller 710 to the terminal for the case 
where the identifier PNs are not included in the neighbor list. 
The identifier PN is then provided to a TX data processor 
712, which properly formats and Sends the data to trans 
ceiver 714. Transceiver 714 further conditions the data and 
sends the data to the terminal via the BSC, base station, and 
(possibly) repeater. 
0112 The techniques described herein may be advanta 
geously used for position determination in indoor applica 
tions where signals from other base stations and/or GPS 
Satellites may not be received and the coverage areas of the 
repeaters are typically Small. The techniques described 
herein may also be used for outdoor applications. In an 
embodiment, an outdoor repeater may be calibrated to 
determine the delay associated with the repeater. The iden 
tifier Signal transmitted by the outdoor repeater may be used 
to identify the Specific repeater through which a repeated 
forward modulated Signal is received by a terminal. The 
measurements for the terminal under this repeater's cover 
age may then be adjusted accordingly to obtain more accu 
rate measurements. For example, the round trip delay (RTD) 
from the repeater location may be adjusted based on the 
delay associated with the repeater. The time offset at the 
terminal may also be updated to reflect the delay of the 
repeater, thus allowing for more accurate time reference for 
GPS measurements. The techniques described herein may 
also be used in cases where duplicate PNs are observed by 
a terminal. 

0113 As noted above, the coverage area of a repeater for 
indoor applications is typically Small. If the center of the 
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repeater coverage area is provided as the position estimate 
for a terminal within the repeater's coverage, then the error 
is Small in many (if not most) cases and can be expected to 
meet the E-911 mandate imposed by the FCC. In an embodi 
ment, the entity responsible for performing the position 
estimate (the PDE, or the terminal) may also be provided 
with an estimate of the Size of the repeater's coverage area. 
In this case, the entity may be able to report the degree of 
confidence in the accuracy of the position estimate (e.g., 
whether or not it meets the E-911 mandate). 
0114 For clarity, the identification code for each repeater 
is described above as being implemented with a PN 
sequence at a particular (PN INC) offset. The identification 
code for the repeater may also be implemented in various 
other manners. For example, the identification code may be 
implemented with any PN sequence (and not necessary the 
same PN sequence use for spreading in CDMA Systems), a 
gold code, any low data rate code that can be modulated on 
the Signal to be repeated, and So on. 
0115 The identification code for the repeater may or may 
not be aligned to the System time, as observed at the 
terminal. 

0116 For clarity, various aspects and embodiments have 
been specifically described for an IS-95 CDMA system. The 
techniques described herein may also be used for other types 
of CDMA systems and other non-CDMA systems. For 
example, the use of identification codes (e.g., identifier PNs) 
for repeater identification may also be used for a W-CDMA 
System, a cdma2000 System, and So on. The identification 
codes for repeater identification may also be used for a GSM 
system. For the GSM system, the identification code can be 
transmitted on a “dummy” channel (with or without a given 
offset) on a different frequency instead of the same fre 
quency used for the forward modulated Signal. A different 
channel on a different frequency may be used for each 
repeater within a Sector or a geographic area, or the repeater 
may be differentiated by the data transmitted on a given 
channel or by the offset of the channel, 
0117 The identification code may also be transmitted 
using any spread spectrum communication technique within 
a CDMA channel or using Some another communication 
techniques. In the embodiments described above, the iden 
tification code for the repeater is Sent contemporaneously 
with the forward modulated Signal by the repeater. In Some 
other embodiments, the identification code for the repeater 
may be transmitted on another “local System Such as, for 
example, a wireleSS System operating at the same time. One 
such wireless system may be a wireless LAN IEEE-802.11 
System. 

0118. Other schemes may also be used to identify repeat 
erS within a wireleSS communication System. In one Scheme, 
if the System and terminal are able to report a multipath 
profile, then an identifying multipath profile may be created 
based (e.g., on the forward modulated Signal) and used for 
repeater identification. CDMA terminals are typically able to 
process multiple instances of a received signal that may have 
been generated from reflections in the Signal path. The 
multipaths are typically demodulated and combined by the 
terminal to provide symbols that are then decoded. If the 
profile of the multipaths can be reported, then each repeater 
may be associated with a particular multipath profile instead 
of an identifier Signal. 
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0119) The multipath profile for each repeater may be 
generated in various manners. In one embodiment, the 
forward modulated signal is delayed (and possibly attenu 
ated) by multiple specific values, and the multiple delayed 
Signals are combined and transmitted to the terminals. The 
number of multipaths and the amount of delay for each 
multipath may be Selected Such that a unique multipath 
profile is created and can be used to specifically identify 
each repeater. In another embodiment, the identifier PN can 
be delayed by multiple specific chip offsets, and the delayed 
PN sequences can be combined to provide the multipath 
profile. For this embodiment, the PN sequence of the serving 
base station may be used (instead of an identifier PN) to 
generate the multipath profile. 

0120) The repeater identification may also be transmitted 
via an auxiliary low rate CDMA channel, which may be 
aligned to the CDMA channels from the serving base station. 
The identification code for the repeater may then be trans 
mitted as data on the low rate channel. 

0121 Besides the advantages noted above from using the 
identifier Signal described herein, another advantage is the 
ability to perform position estimate without having to dis 
connect a voice call. In accordance with the IS-801 standard, 
a pilot measurement is sent to the PDE when a terminal 
Sends a request for assistance from GPS to estimate the 
position of the terminal. If the PDE recognizes the identifier 
PN in the list of PN sequences reported by the terminal, there 
is likely to be no need to perform a GPS measurement since 
the terminal is under the coverage of a repeater and may not 
be able to receive GPS signals anyway. Moreover, the 
position estimate for the terminal may be determined to the 
requisite degree of accuracy based Solely on the identifier 
PN (e.g., the terminal's position may be estimated as the 
center of the repeater's coverage area). In this case, the 
identifier PN is included in the neighbor list of all base 
Stations that employ repeaterS So that the terminal will 
search for the identifier PN. Alternatively, if the PDE has 
reason to Suspect that the Signal received by the terminal is 
transmitted by a repeater, a list of identifier PNS may be sent 
to the terminal prior to Sending the GPS aiding information. 

0122) Some of the elements of the repeater used to 
implement the techniques described herein (e.g., the PN 
generator, controller, and upconverter) may be implemented 
with a digital signal processor (DSP), an application specific 
integrated circuit (ASIC), a processor, a microprocessor, a 
controller, a microcontroller, a field programmable gate 
array (FPGA), a programmable logic device, other elec 
tronic unit, or any combination thereof designed to perform 
the functions described herein. Certain aspects of the dis 
closed method and apparatus may be implemented in hard 
ware, Software, or a combination of both. For example, the 
processing to form the neighbor list for each active terminal, 
the estimate of the position of a terminal, and So on, may be 
performed based on program codes Stored within a memory 
unit and executed by a processor (controller 710 in FIG. 7). 
0123 The previous description of the disclosed embodi 
ments is provided to enable any person skilled in the art to 
make or use the present disclosed method and apparatus. 
Various modifications to these embodiments will be readily 
apparent to those skilled in the art, and the generic principles 
defined herein may be applied to other embodiments without 
departing from the Spirit or Scope of the invention. Thus, the 
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present invention is not intended to be limited to the embodi 
ments shown herein but is to be accorded the widest Scope 
consistent with the principles and novel features disclosed 
herein. 

What is claimed is: 
1. A method for determining the location of a device in a 

wireleSS communication System, comprising: 
receiving from a transmission Source a first signal having 

included therein transmitted data and a Second Signal 
having included therein an identification code assigned 
to the transmission Source; 

processing the Second Signal to recover the identification 
code; and 

determining a position estimate of the device based on the 
recovered identification code. 

2. The method of claim 1, wherein the transmission Source 
is a repeater in the wireleSS communication System. 

3. The method of claim 1, wherein the Second Signal is a 
Spread Spectrum Signal. 

4. The method of claim 3, wherein the spread spectrum 
signal conforms to a CDMA standard. 

5. The method of claim 4, wherein the spread spectrum 
signal conforms to IS-95 CDMA standard. 

6. The method of claim 1, wherein the identification code 
comprises a pseudo-noise (PN) sequence at a particular 
offset. 

7. The method of claim 1, wherein the identification code 
comprises a plurality of pseudo-noise (PN) sequences. 

8. The method of claim 7, wherein the plurality of PN 
Sequences are at particular offsets. 

9. The method of claim 1, wherein the identification code 
comprises a delayed and attenuated version of the first 
Signal. 

10. The method of claim 1, wherein the identification code 
comprises a plurality of delayed and attenuated versions of 
the first Signal and representative of a particular multipath 
profile. 

11. The method of claim 1, wherein the identification code 
comprises a signal transmitted at a frequency different from 
the frequency of the first Signal. 

12. The method of claim 1, wherein the identification code 
comprises a signal transmitted at a frequency different from 
the frequency of the first Signal and at a particular transmit 
offset. 

13. The method of claim 1, wherein the identification code 
comprises one or more Gold code Sequences. 

14. The method of claim 13, wherein each Gold code 
Sequence is at a particular offset. 

15. The method of claim 1, further comprising: 
adjusting a set of measurements for position determina 

tion in accordance with the recovered identification 
code. 

16. The method of claim 1, wherein the position estimate 
of the device is a particular location within a coverage area 
of the transmission Source. 

17. The method of claim 16, wherein the position estimate 
of the device is approximately the center of the coverage 
area of the transmission Source. 

18. The method of claim 1, wherein the wireless com 
munication system is a CDMA system. 

19. The method of claim 1, wherein the wireless com 
munication system is a TDMA system. 
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20. The method of claim 2, wherein the second signal is 
a spread Spectrum signal. 

21. The method of claim 2, wherein the identification code 
is a pseudo-noise (PN) sequence at a particular offset. 

22. The method of claim 2, wherein the position estimate 
of the device is a particular location within a coverage area 
of the repeater. 

23. A method for generating a Signal Suitable for use to 
estimate the location of a device in a wireleSS communica 
tion System, comprising: 

receiving at a transmission Source a first Signal having 
included therein transmitted data; 

generating at the transmission Source a Second Signal 
having included therein an identification code assigned 
to the transmission Source; 

combining the first and Second Signals to provide a 
combined signal; and 

transmitting the combined signal from the transmission 
SOCC. 

24. The method of claim 23, further comprising: 
processing the first Signal to recover a timing reference, 

and 

wherein the Second Signal is generated in accordance with 
the recovered timing reference. 

25. The method of claim 24, further comprising: 
processing the first signal to recover a frequency reference 

for a carrier Signal of the first signal, and 
wherein the Second Signal is further generated in accor 

dance with the recovered frequency reference. 
26. The method of claim 23, wherein the transmission 

Source is a repeater in the communication System. 
27. The method of claim 26, further comprising: 
conditioning the combined Signals within a repeater unit, 

and 

wherein the conditioned Signal from the repeater unit is 
transmitted from the repeater. 

28. The method of claim 26, further comprising: 
conditioning the first Signal within a repeater unit, and 
wherein the Second Signal is combined with the condi 

tioned first Signal within the repeater unit. 
29. The method of claim 23, wherein the identification 

code is a pseudo-noise (PN) sequence at a particular offset. 
30. The method of claim 29, wherein the offset of the PN 

Sequence used for the identification code is one of a plurality 
of possible offsets and is reserved for identification of the 
transmission Source. 

31. The method of claim 29, wherein the timing of the PN 
Sequence used for the identification code is approximately 
aligned with the timing of a PN sequence used to spread the 
transmitted data in the first Signal. 

32. The method of claim 23, wherein a carrier frequency 
of the Second Signal approximates a carrier frequency of the 
first Signal. 

33. The method of claim 23, wherein the second signal is 
a spread Spectrum signal. 

34. The method of claim 23, wherein an amplitude of the 
Second Signal is Set to a particular level below the amplitude 
of the first signal. 
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35. The method of claim 23, wherein the wireless com 
munication system is a CDMA system. 

36. A method for generating a Signal Suitable for use to 
estimate the location of a terminal in a wireleSS communi 
cation System, comprising: 

receiving and processing at a transmission Source a first 
Signal having included therein transmitted data; 

generating a Second Signal having included therein an 
identification code assigned to the transmission Source; 

transmitting the first Signal from the transmission Source; 
and 

transmitting the Second Signal to a plurality of terminals 
within the communication System. 

37. The method of claim 36, wherein the second signal 
comprises a plurality of Signals at different offsets and 
representative of a particular multipath profile. 

38. The method of claim 36, wherein the second signal 
comprises a plurality of pseudo-noise (PN) sequences at a 
plurality of offsets and representative of a particular multi 
path profile. 

39. A method for determining the location of a terminal in 
a wireleSS communication System, comprising: 

receiving at the terminal an indication for a particular 
identification code assigned to a transmission Source; 

receiving from the transmission Source a first signal 
having included therein transmitted data and a Second 
Signal having included therein the identification code, 
and 

processing the Second Signal to recover the identification 
code, and 

wherein the recovered identification code is used to 
identify the transmission Source, and wherein the loca 
tion of the terminal is estimated based on a position 
estimate associated with the identification code. 

40. The method of claim 39, wherein a list of identifica 
tion codes is included in a neighbor list of codes to be 
Searched. 

41. The method of claim 39, wherein a list of identifica 
tion codes is Sent to the terminal in response to a call related 
to position location. 

42. The method of claim 39, wherein a list of identifica 
tion codes is broadcast to the terminal via a broadcast 
channel. 

43. The method of claim 39, wherein a list of identifica 
tion codes is Sent to the terminal upon request by the 
terminal. 

44. A transmission unit in a wireleSS communication 
System, comprising: 

a first unit operative to receive, condition, and retransmit 
Signals on both forward and reverse links of the com 
munication System; and 

a Second unit coupled to the first unit and including 
a first module operative to receive and process a first 

Signal on the forward link having included therein 
transmitted data, 

a Second module operative to generate a Second Signal 
having included therein an identification code 
assigned to the transmission unit, and 
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a third module operative to combine the first and 46. The transmission unit of claim 45, wherein the first 
second signals to provide a. combined Signal for module is further operative to process the first Signal to 
transmission from the transmission unit. recover a frequency reference for a carrier Signal of the first 

45. The transmission unit of claim 44, wherein the first 
module is further operative to process the first Signal to 
recover a timing reference, and wherein the Second Signal is 
generated in accordance with the recovered timing refer 
CCC. k k k k k 

Signal, and wherein the Second Signal is further generated in 
accordance with the recovered frequency reference. 


